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The acquisition of verb morphology 
Hilke Elsen 
In this paper, some predictions of connectionist models are investigated using data from 
a continuous diary study of a German girl. Several findings on the acquisition of German 
verbs are reported, e.g., the acquisition of verbs shows a sudden non-linear increase, the 
composition of the verbal lexicon undergoes changes, the first overregularizations are 
found when structural and quantitative changes in the verb vocabulary appear. For the 
production of overregularizations a wave-like development is found, that is, times of high 
and low production of overregularized forms alternate. The formation of participles 
shows various patterns, for example irregularizations. 
The data presented here suggest a relationship between lexical and morphosyntactic 
development and the use of one associative learning mechanism for both regular and 
irregular inflection. 
1. Introduction 
The acquis i t ion of regular and irregular m o r p h o l o g y is the subject of several 
recent investigations. Researchers agree that chi ldren acquiring inflect ion 
show U-shaped behaviour curves. A t first they use irregular as well as regular 
f o r m s correctly. Then comes a p e r i o d of overregularizat ion and variat ion unt i l 
the correct f o r m s prevail . Researchers, however, d o n o t agree o n the explana-
t i o n of this learning prof i le . Symbolists interpret overregularizations, forms 
like goed, corned, as evidence for the appl icat ion of a rule or the insight into the 
idea of O b l i g a t o r y marking ' . They are due t o retrieval error. Connectionists 
h o l d that overregular izat ions appear because of quanti tat ive and structural 
changes in chi ldren's verb vocabulary. 
A c c o r d i n g t o symbol is ts , a dual mechanism exists: rote, or more recently, 
associative a n d rule learning (e.g. Pinker & Prince 1988; Pinker 1991; Marcus, 
Pinker, Ul lman, Hol lander , Rosen & Xu 1992; Marcus 1995). They argue that 
irregular i tems are lexically represented and learned associatively or by rote. 
For regular inf lec t ion symbol ic rules are needed. A U-shaped behaviour 
p a t t e r n results f r o m the interact ion between the t w o mechanisms. Al l early 
forms are p r o d u c e d correct ly because each is s tored as a w h o l e in the 
lexicon. Then the ch i ld discovers the suffixation rule for regular inf lect ion and 
applies it t o irregulars as well . When irregular f o r m s are used of ten, the 
appl ica t ion of the rule is blocked. Insufficient use of a f o r m results in the 
failure of the b locking device. Hence, overregularizat ions occur. Finally, the 
exceptions t o the rule are recognized. Irregulars are s tored in the lexicon, 
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whereas regulars are f o r m e d using a rule. Properties of children's grammat i -
cal systems are responsible for the t rans i t ion f r o m rote t o rule learning. 
Regulars and irregulars are dif ferentiated qualitatively. 
Recently, connect ionists offered an alternative account for the acquis i t ion of 
inf lect ion (e.g. Rumelhart & McClel land 1986; Plunkett & M a r c h m a n 1991, 
1993, M a r c h m a n & Bates 1994). They developed models that are capable of 
m e m o r i z i n g pat terns as wel l as generalizing regularities w i t h the help of one 
single mechanism. When s imulat ing the acquisi t ion of the English past tense, 
these models showed a U-shaped behaviour p a t t e r n comparable t o the 
children's o u t p u t (cf. Plunkett & M a r c h m a n 1993). Al though only one associa-
tive mechanism was used, non-linear behaviour resulted. The onset of 
overregularizations was said t o be tr iggered by a sufficient number of 
regulars in the lexicon w h i c h al lowed for the abstract ion of general pat terns 
- the 'critical-mass hypothesis (Plunkett & M a r c h m a n 1993; M a r c h m a n & Bates 
1994). Thus, a relat ionship between lexical and morphosyntact ic acquisi t ion 
was assumed. It was suggested that the development in b o t h d o m a i n s was 
governed by the same learning mechanism. 
The f irst overregularizations may be related t o g r o w t h in vocabulary size, as 
incremental increases in new regular verbs result in qualitative shifts in the 
way f o r m s are treated. They may also be related t o the p r o p o r t i o n of regular 
and irregular verbs in the lexicon. Generalization of s imulations was vir tual ly 
absent as long as the percentage of regulars remained be low 50%. In other 
w o r d s , w h e n a sufficient number of verbs was reached and the p r o p o r t i o n of 
regulars exceeded the 50% mark, the network m o d e l was able t o generalize 
regular pat terns so that overregularizations were produced . Quant i tat ive 
increments in the size and structure of the tra ining set tr iggered a shi f t in 
strategy: after a t ime of stem — past tense mapping by rote the lexicon was 
organized in terms of general patterns (system building). This reorganization was 
generated internally (Plunkett and Marchman 1993; Marchman and Bates 1994). 
Interestingly, relations between lexical and morphologica l development were 
not f o u n d in Marcus et al.'s (1992) investigation of the spontaneous speech 
of 83 chi ldren. Furthermore , evidence of a sudden non-linear increase of new 
verbs (a ' spurt ' ) ,or changes in the p r o p o r t i o n of regulars has n o t yet been 
f o u n d in naturalistic studies of individual chi ldren (Pinker and Prince 1988: 
140; Marcus et al. 1992) except for Stern and Stern (1928, 1965). 
In this paper some predict ions of connect ionist models are investigated using 
data f r o m one German gir l . One purpose is t o present data f r o m this cont inu-
ous observat ion of the acquisi t ion of verb morphology . A further a i m is t o 
compare results ob ta ined f r o m dif ferent data samplings: cont inuous longi tu-
dinal data (Elsen 1991), longitudinal data f r o m sporadically col lected record-
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ings (e.g. Marcus et al . 1992; Clahsen & Rothweiler 1993; Weyerts & Clahsen 
1994) and parental r e p o r t i n f o r m a t i o n o n a large p o p u l a t i o n (Marchman & 
Bates 1994). The results r e p o r t e d here are very similar t o those predicted by 
the network models : There is a change in the p r o p o r t i o n of regulars and 
irregulars. When this c o m p o s i t i o n a l change appears together w i t h a sudden 
increase in new verbs, the first overregularizations are produced . The 
f o r m a t i o n of past part ic iples shows various error types . Furthermore, the 
acquisi t ion of verbs shows a sudden non-linear increase. The p r o d u c t i o n of 
overregularizations develops in a wave-like process, that is, h igh and l o w 
p r o d u c t i o n of overregularized f o r m s alternate. 
A l t h o u g h the data presented here d o n o t rule o u t a symbol ic account w h i c h 
assumes t w o di f ferent mechanisms for the acquis i t ion of verb morphology , 
they can easily be in terpreted w i t h the help of the m o r e s imple one-mecha­
nism account . These f indings shed new l ight o n the relevance of network 
s imulat ions. They i l luminate the l imits of f ragmentary data samples. 
The discussion of learning mechanisms has centered a r o u n d the English past 
tense. In spoken G e r m a n the past tense of verbs is rarely used, b u t rather the 
present perfect f o r m . Therefore, we w i l l focus o n the acquis i t ion of past 
part ic iples . A rough sketch of German part ic iple f o r m a t i o n fo l lows . A m o n g 
other things, regular verbs f o r m part ic iples by a d d i n g a -t t o the stem. This is 
called a weak inf lect ion. By m o s t irregular verbs a vowel change takes place 
and the suffix -n is a d d e d , this is a s t rong inf lect ion. German has a few 
irregulars w h i c h f o r m part ic iples through a vowel change and the suffix -t, 
they are called mixed verbs. Some verbs exhibit sti l l d i f ferent pat terns (for 
more detai l see Elsen in press). 
2. Method 
The findings r e p o r t e d in th is paper are based o n the d iary data of a German 
speaking gir l Α., (cf. Elsen 1991), col lected cont inuously u p t o the age of 2 
years and 5 m o n t h s . A l l new words , w o r d f o r m s and novel pronuncia t ions of 
established i tems were d o c u m e n t e d in IPA phonet ic t ranscr ipt ion together 
w i t h essential linguistic and non-linguistic in format ion . Af terwards , notes were 
taken, at f irst daily, t h e n at wider intervals. The m e t h o d is descr ibed in m o r e 
detail in , e.g., Elsen (1996a, 1998, in press). A u d i o t a p e d data ( f rom 0;4) were 
not used in this invest igation. 
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3. Predictions 
A c c o r d i n g t o the symbol ic dual mechanism approach, the onset of over­
regularizations should n o t be related t o measurable increases in the number 
of regular verb types due t o a clear dissoc iat ion between the mechanisms 
responsible for lexical and m o r p h o l o g i c a l acquis i t ion. In the connect ionist 
s ingle-mechanism account , a non-linear crit ical mass relat ionship between 
lexical a n d m o r p h o l o g i c a l development should be f o u n d . Only the acquis i t ion 
of a vocabulary of a cer ta in size w o u l d a l low for the abstraction of general 
pat terns , result ing in the p r o d u c t i o n of the f irst overregularizations, that is, 
product ive usage. According t o the m o d e l , overregularizations should n o t 
appear in small vocabularies where irregular verbs outnumber regulars 
(Plunkett & M a r c h m a n in press). 
4. Results 
M y data show that to ta l vocabulary does n o t increase at a constant rate accord­
ing t o types. Figure 1 presents the number of new words , new verbs resp., that 
were acquired dur ing each third of a m o n t h : for the first ten days (Beginning), for 
the second ten days (Middle) and for the rest of a m o n t h (End). 
OD A /Q (u ^ CQ Uj y< CQ kj φ 0Q ly ^ CQ tQ ^ BQ hj & IQ Uj ^ QJ ty y IQ kj *!> • CQ 
<6* "TT C C T; <\ oi* 
Age (thirds of months) 
Figure 1. Number of A.'s new words 
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We can see several non-linear increases in this Figure (and cf. Elsen, 
1996b). Nouns d o m i n a t e the lexicon. The g r o w t h of verb vocabulary is not 
steady. That is, there is a Verb spur t ' at the e n d of 1;5. In general, early verb 
tokens are correct ly inflected. In m o s t cases, correct irregular forms precede 
overregularizat ions. Up t o the e n d of the cont inuously col lected data, about 
25% of the irregular verbs show at least one token of overregularization 
(given in Elsen 1998, in press). Furthermore , the f o r m a t i o n of incorrect past 
part ic iples exhibits various pat terns . We f ind overregularizations w i t h differ­
ent stems. They are irregular verbs w i t h regular -t, e.g. gehen — gegeht (correct 
gegangen) 'to go' , nehmen — genehmt (correct genommen) ' to take', trinken — 
getrunkt (correct getrunken) ' to dr ink ' . There are irregularizations. These are 
regular verbs w i t h irregular pat terns , e.g. schmecken-geschmockt (correct ge­
schmeckt) ' tasted' , aufkleben-aufgekleben (correct aufgeklebt) glued o n ' . There are 
stems other than inf init ive or par t ic ip le or non-exist ing stems, b o t h w i t h 
regular -t or irregular -n, e.g. gehen — gegingt (correct gegangen) ' to go' , wegnehmen 
— weggenimmt (correct weggenommen) ' to take away', lesen — gelosen (correct 
gelesen), 'to read' , rausnehmen — rausnuhmen (correct rausgenommen) 'to take out ' . 
Fur thermore , we f i n d double-markings , ziehen — geziehten (correct gezogen) 'to 
pul l ' , abbrechen — abgebrochnet (correct abgebrochen) 'to break o f f , tun — getant, 
getanen (correct getan) 'to d o ' (for m o r e examples see Elsen in press). What is 
more , di f ferent f o r m s may coexist for several m o n t h s . Some erroneous f o r m s 
are m o r e frequently appl ied than the correct part ic iple . 
In Figure 2, the accumula t ion of the spontaneously p r o d u c e d regular and 
irregular verbs is d o c u m e n t e d . We see that the rate of acquis i t ion of regulars 
differs f r o m that of irregulars . There is a p o i n t in t i m e w h e n regulars c o m e t o 
d o m i n a t e : at the e n d of 1;5. 
In Figure 3, y o u can see the p r o p o r t i o n of regular and irregular verb types in 
the girl's verb vocabulary as a funct ion of age (for the relative dis tr ibut ion of A.'s 
regular and irregular verbs as a funct ion of verb vocabulary see Elsen in press). 
A f t e r a p e r i o d of p r e d o m i n a n c e of irregular verbs and a t i m e of relative 
equal d i s t r ibut ion , the p r o p o r t i o n of the regulars rises at the end of 1 ;5. These 
f indings are quite s imilar t o those of M a r c h m a n a n d Bates (1994) (cf. their 
Figure 1, ρ 353). They investigated 1130 chi ldren between 1;4 a n d 2;6 w i t h a 
parental r e p o r t technique. Parents were asked t o check verb lists. M a r c h m a n 
and Bates f o u n d tha t ' the shape of the re lat ionship between verb learning 
a n d the product ive use of past tense m o r p h o l o g y |was] consistent w i t h the 
non-linear crit ical mass' assumptions of the single-mechanism theory ' 
(Marchman & Bates 1994: 360). N o t e that the results f r o m m y cont inuous 
data col lect ion match those f r o m M a r c h m a n and Bates a n d thus s u p p o r t 
their f indings w i t h a di f ferent methodology . 
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Figure 2. Α.'s regular/irregular verbs, cum. 
120.00 
Figure 3. Proportion ofA's regular and irregular by third of month 
The graphs show that there is clear evidence that verb vocabulary c o m p o ­
s i t ion is undergo ing substant ia l reorganizat ion. There is a d is t inct change in 
t h e p r o p o r t i o n between regulars a n d irregulars. From the end of 1;5, regulars 
c o n t r i b u t e m o r e t h a n 50% of the verbs overall . 
W h e n the chi ld 's lexicon conta ins 15 irregulars a n d 15 regulars at 1;5,27 
(these verbs are given in Elsen 1998, in press), the f irst overregularized f o r m s 
are f o u n d after some days of correct inf lect ion at 1 ;5,30, |defa~t] gefallt * fal led. 
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The next ones appear at 1;6,2 |lsnt] lornt * losted, at the end of 1;6 |mlten_mt] 
mitgenehmt * taked a long w i t h , and at 1;7,24 (vest) west *be-ed, part ic iple stem. 
This happens at the t i m e w h e n the c o m p o s i t i o n of the verb vocabulary 
changes and the p r o p o r t i o n of regulars exceeds 50%, as predic ted by the 
network. If the surge of m o r p h o l o g i c a l errors was s imply due t o an increase 
in o p p o r t u n i t i e s for errors because of m o r e new verbs, then the number of 
overregularizations should rise in later deve lopment as numbers of new verbs 
— and thus numbers o f o p p o r t u n i t i e s — rise, t o o . But this is n o t the case. If i t 
was due t o m o r e ta lk ing in general, then rates of part ic iple overregulariza-
t ions should correlate t o t h e rates of plural overregularizations, b u t they 
d o n ' t . So it is highly probable that the onset of overregularizations was 
triggered by quant i tat ive a n d structural changes in the verb vocabulary. 
Furthermore, after a p e r i o d of few overregularizations they increase b o t h 
in types and tokens by 1 ;9. A n o t h e r peak is observed at 2;0/2; 1. A n d looking 
beyond the t i m e span of cont inuous note tak ing , per iods of high and l o w 
p r o d u c t i o n of overregularized forms alternate. Thus, overregularizations 
clearly c o m e in waves. These waves are interest ing in yet another respect — 
there seems t o be systematic i ty in the way di f ferent pat terns of erroneous 
part ic iple f o r m a t i o n are used over t ime per iods (cf. L indner in press). 
Note — at the age o f 1 ;9 as well as at 2;0 there is a def ini te increase in new 
regular verbs, see Figure 1. This indicates the poss ib i l i ty of several reorganiza-
t ions of the system. 
5. Discussion 
Taken together, the present data s u p p o r t the 'crit ical mass' hypothesis . The 
results are congruent w i t h a connect ionis t account of learning verb inf lect ion. 
There is a def inite re lat ion between this child's change in vocabulary c o m p o -
sit ion a n d the onset of overregularizations, as predic ted by the single-
mechanism approach . Furthermore , several pat terns of over- and irregulariza-
t i o n are found, as wel l as a d iscont inui ty in expansion rate. N o t e that n o n -
linearities in vocabulary g r o w t h are a c o n t r i b u t i n g factor t o the onset of 
overregularizations, n o t a necessary or sufficient c o n d i t i o n (Marchman & 
Bates, 1994; Plunkett & M a r c h m a n , in press). 
These data are obvious ly not compat ib le w i t h symbol is ts ' results, whose 
data o n individual chi ldren d o n o t show s u d d e n increases in new verbs and 
no relat ion between c o m p o s i t i o n a l changes in the verbal lexicon and first 
overregularizations (eg. Marcus et al. 1992: 86-88, 99; Weyerts & Clahsen 
1994:442). The explanat ion may be f o u n d in the m e t h o d of data col lect ion, as 
the data here were c o m p i l e d cont inuously as o p p o s e d t o the recordings of 
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several chi ldren d u r i n g one hour a week or a m o n t h . I assume that they 
missed the f irst overregularizations a n d many low-frequency i tems and, more 
impor tant ly , crucial non-linear deve lopment between recording sessions. It is 
highly probable that non-linearities in verb acquisi t ion are missed when 
recordings for a chi ld are t o o rare. Token frequency of many verbs, especially 
regulars, is init ial ly extremely l o w (cf. Elsen, in press) so that numbers of types 
in a cont inuous sample wi l l be very di f ferent f r o m those in sporadically 
c o m p i l e d corpora . There, the rise of new verbs depends u p o n an increase of 
t o k e n n u m b e r s . Strictly speaking, s tatements about t y p e numbers are n o t 
possible for sporadical ly recorded samples. The same p r o b l e m arises for 
early overregularizations. We cannot rule o u t the possibi l i ty that this child's 
second wave of overregularizations (cf. Elsen, in press), w h e n t y p e and token 
numbers rise, is equivalent t o the f irst overegularizations f o u n d in other 
chi ldren. Thus, correlat ions between the onset o f overregularizations and 
changes in vocabulary size a n d structure wi l l hardly be f o u n d . 
Non-cont inuous sampling m i g h t be the reason w h y other investigators of 
children's G e r m a n past participles conc lude that there is no irregularization 
of regular pat terns : ' In all the data, there are n o part ic iples in which an 
irregular s tem p a t t e r n has been extended t o a weak verb. Rather, the only 
k i n d of s tem error we f o u n d are regular stems replacing irregular ones. ' 
(Clahsen & Rothweiler 1993: 1). 'Despite similar frequencies of regular and 
irregular part ic iples in the i n p u t , i t is on ly the regular - t suffix w h i c h is overreg-
ularized by chi ldren ' (Weyerts & Clahsen 1994: 430). They interpret the 
networks ' generalizing capacities as d e p e n d i n g o n the high frequency of 
regulars. A s in German regular and irregular f o r m s are said t o be f o u n d in 
equal numbers and, at least according t o Clahsen a n d colleagues, errors only 
affect irregulars, a qual i tat ive d i s t i n c t i o n between regular a n d irregular 
inf lect ion can be assumed. A symbol ic inf lect ional rule m u s t be responsible 
for the acquis i t ion of regular pat terns . B u t , as already p o i n t e d o u t , a change 
in the p r o p o r t i o n of regulars and irregulars together w i t h a g r o w t h in vocabu­
lary size tr iggered the f o r m a t i o n of regular pat terns in the m o d e l . And it is 
exactly this relation between changes of quantitative and structural 
properties of the verb vocabulary and first overregularizations that is 
found in the present data. Therefore, the assumpt ion of a symbolic rule is 
n o t necessary. Moreover, inf lect ion pat terns are less homogeneous and 
differences between regular and irregular pat terns are less clear-cut than 
p o s t u l a t e d by symbolists . The present data show t h a t several irregular 
pa t terns were appl ied t o regular a n d irregular verbs. Stems other than 
inf init ive or part ic iple as wel l as non-exist ing s tems were c o m b i n e d w i t h the 
regular -t or irregular -κ suffix. Different pat terns coexisted for m o n t h s . Thus, 
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the c la im that a ch i ld dist inguishes qual i tat ively between regular and irregular 
inf lect ion should be reconsidered. Though the concept of a rule is n o t 
explicit ly excluded, i t is n o t necessary t o assume a symbol ic rule for the 
format ion of regular verbs. I suggest that b o t h irregular and regular inf lect ion is 
based o n one associative mechanism — a lexical learning device. 
6. Conclusion 
The results presented here s u p p o r t a one-mechanism approach which 
suggests a re lat ionship between lexical a n d morphosyntac t i c development 
a n d the use of one associative learning mechanism. Data show that there is 
a non-linear re lat ionship between overregularizations t o vocabulary size and 
structure. Various p a t t e r n s of incorrect part ic iple f o r m a t i o n , w h i c h according 
t o symbolists should n o t be found, are in line w i t h the connectionist approach 
(Plunkett & Marchman, in press). Changes in the rate of verb vocabulary acquisi-
t i o n coincide w i t h overregular izat ion pat terns , result ing in a wave-like 
generat ion of incorrect past part ic iples . Overregularizations appear w h e n the 
p r o p o r t i o n of regulars exceeds the 50% mark, as predic ted by the networks . 
The divergent a t t i tudes c o u l d converge, if we d i d n ' t have a fundamenta l 
p r o b l e m w i t h pr inciples . As a p r i m e goal, s tandard generative grammar 
creates a descr ip t ion of a universal grammar. The object o f their investiga-
t ions is theoretical Competence, as o p p o s e d t o actual Performance. As a 
result , the quest ion of h o w this competence gets i n t o the head arises, and 
tha t subsequently assumes t h a t Universal Grammar has psychological reality. 
Because of the str ict d i f ferent ia t ion between competence — as the subject of 
descr ipt ion — and per formance — as the source of i n f o r m a t i o n -, rules and 
parameters w h i c h generate structure m u s t be considered i n b o r n so that they 
can be a p a r t of competence . Since the data that the chi ld hears belong t o 
performance , i n p u t can only trigger innate mechanisms. This assumpt ion of 
generative grammar — the str ict d i f ferent ia t ion of competence and perfor-
mance -, together w i t h the c o n c e p t i o n that generative principles and parame-
ters are psychologically real, forces the belief that rules a n d categories are 
i n b o r n . Thus, i t is n o t the invest igat ion of chi ldren's data, b u t the e f for t n o t t o 
endanger the basic a s s u m p t i o n that gives rise t o the idea of innate rules and 
categories. One poss ib i l i ty is t o redefine Universal Grammar as a system of 
descr ipt ion of language a n d t o give u p the strict separat ion of competence 
and per formance as well as discrete, categorical rules. As was shown, no 
symbol ic rules for regulars are necessary. Irregulars are n o t s imply learned by 
rote. There is analyzing a n d overappl icat ion t o regular verbs. The difference 
in t reatment of regular a n d irregular verbs is a gradual one. 
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